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Objective
To review the effect of morbid obesity surgery on type 2 diabetes
mellitus, and to analyze data that might explain the mechanisms
of action of these surgeries and that could answer the question
of whether surgery for morbid obesity can represent a cure for
type 2 diabetes in nonobese patients as well.

Summary Background Data
Diabetes mellitus type 2 affects more than 150 million people
worldwide. Although the incidence of complications of type 2
diabetes can be reduced with tight control of hyperglycemia,
current therapies do not achieve a cure. Some operations for
morbid obesity not only induce significant and lasting weight
loss but also lead to improvements in or resolution of comor-
bid disease states, especially type 2 diabetes.

Methods
The authors reviewed data from the literature to address what is
known about the effect of surgery for obesity on glucose metab-
olism and the endocrine changes that follow this surgery.

Results
Series with long-term follow-up show that gastric bypass and
biliopancreatic diversion achieve durable normal levels of
plasma glucose, plasma insulin, and glycosylated hemoglobin
in 80% to 100% of severely obese diabetic patients, usually
within days after surgery. Available data show a significant
change in the pattern of secretion of gastrointestinal hor-
mones. Case reports have also documented remission of
type 2 diabetes in nonmorbidly obese individuals undergoing
biliopancreatic diversion for other indications.

Conclusions
Gastric bypass and biliopancreatic diversion seem to achieve
control of diabetes as a primary and independent effect, not
secondary to the treatment of overweight. Although controlled
trials are needed to verify the effectiveness on nonobese indi-
viduals, gastric bypass surgery has the potential to change
the current concepts of the pathophysiology of type 2 diabe-
tes and, possibly, the management of this disease.

Diabetes mellitus type 2 is an epidemic health problem,
affecting more than 150 million people worldwide. This
number is expected to double in the first decades of the third
millennium.1 Recently, evidence for reduction of complica-
tions of type 2 diabetes with tight control of hyperglycemia
has been reported,2 but current therapies, including diet,
exercise, behavior modification, oral hypoglycemic agents,
and insulin, rarely return patients to euglycemia.3

Morbid obesity, in which patients exceed their ideal
weight by at least 100 lb or are more than 200% of ideal
body weight, is a condition with high mortality and mor-

bidity because of its association with severe comorbid dis-
eases such as hypertension, diabetes, hyperlipidemia, and
cardiopulmonary failure. In these patients, surgery repre-
sents the most effective therapy in that it achieves signifi-
cant and durable weight loss as well as resolution or ame-
lioration of comorbidities.4 Current indications for surgery
in morbidly obese patients include body mass index (BMI)
greater than 40 or greater than 35 if comorbidities are
present.5

Several operative procedures are performed for treatment
of morbid obesity. Roux-en-Y gastric bypass (GBP) is usu-
ally done by dividing the stomach with a stapler to create a
small gastric pouch, while the jejunum is divided 30 to 50
cm distal to the ligament of Treitz. The distal limb of the
jejunum is then anastomosed to the small gastric pouch and
a jejunojejunostomy is performed 50 to 150 cm distal from
the gastrojejunostomy. Most studies report a weight loss of
60% to 70% of excess body weight.6,7 In recent series,
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operative mortality ranges between 0% and 1.5%,8–10 and
the overall incidence of major complications, including
anastomotic leaks, pulmonary embolus, and bowel occlu-
sions, is between 0.6%11 and 6%.12

Biliopancreatic diversion (BPD), introduced by Scopinaro
in 1978, includes a gastric resection and diversion of the
biliopancreatic juice to the terminal ileum to significantly re-
duce the absorption of nutrients.13 In this operation, an en-
teroentero-anastomosis is performed between the proximal
limb of the transected jejunum and ileum, 50 to 100 cm14

proximally to the ileocecal valve. In a series of 2,241 patients
reported by Scopinaro et al, the BPD resulted in a mean
permanent reduction of about 75% of the initial excess weight,
with an operative mortality of 0.5%.15

Gastroplasties, which include gastric banding and vertical
banded gastroplasty, reduce the volume of the stomach by
annular banding or vertical stapling but without bypassing
the proximal foregut. Up to 65% of excess weight loss at 5
years has been reported,16 but there is considerable variation
in results among different authors, and a significant number
of patients require reoperation for inadequate weight loss.17

Bariatric surgery is now increasingly being performed
laparoscopically, resulting in a similar percentage of weight
loss with respect to the open series18,19 and reduced recov-
ery time and perioperative complications.20

EFFECT OF MORBID OBESITY
SURGERY ON TYPE 2 DIABETES

GBP and BPD not only induce significant and durable
weight loss but also determine amelioration or resolution of
comorbid disease states, especially type 2 diabetes melli-
tus.21–23 Sustained normal concentrations of plasma glu-
cose, insulin, and glycosylated hemoglobin have been re-
ported in 80% to 100% of morbidly obese diabetic patients
managed surgically by GBP or BPD.14,15,20,24 Long-term
control of glycemia and normal levels of glycosylated he-
moglobin have been documented in series with up to 14
years of follow-up.24 These surgeries seems also to restore
insulin sensitivity,15,25,26 prevent the progression from im-
paired glucose tolerance to diabetes,27 and reduce mortality
from diabetes mellitus.28 In the experience of Pories and
Albrecht, the mortality risk from diabetes over a 10-year
follow-up after gastric bypass was less than that in a cohort
of diabetic patients matched for age, weight, and BMI who
were not operated on (1.0% vs. 4.5% for every year of
follow-up; P � .0003).29

There is therefore evidence enough to say that obesity
surgery is an effective form of therapy for type 2 diabetes,
at least in the morbidly obese.

POSSIBLE MECHANISMS OF ACTION

One might think that surgically induced weight loss and
decreased food intake are the most reasonable mechanisms

for remission of diabetes after surgery for obesity, but most
reported series do not support this explanation.

Role of Weight Loss

Most reported series show that return to euglycemia and
normal insulin levels occur within days after surgery, long
before there is any significant weight loss.15,24,25 In 1995,
Pories et al24 reported the results of GBP in a series of 608
morbidly obese patients. Preoperatively, 146 patients were
diabetic (type 2) and 152 had impaired glucose tolerance.
GBP achieved normal levels of plasma glucose, insulin, and
glycosylated hemoglobin in 83% of diabetic patients and in
98.7% of patients with impaired glucose tolerance within 4
months after surgery, without the need for any diabetic
medication or special diet, and before any weight reduction
occurred. In 1998, Scopinaro et al15 reported normalization
of glucose levels in 100% of their morbidly obese patients
after BPD with no need for medication and on a totally free
diet as early as 1 month after operation, when excess weight
was still more than 80%. Hickey et al25 demonstrated sig-
nificantly lower levels of fasting plasma glucose, plasma
insulin, and serum leptins in a group of patients maintaining
stable weight after GBP compared to a group of patients
matched in weight, age, and percentage of fat who did not
undergo surgery. A clinical case described in detail by
Pories and Albrecht29 is instructive. This woman with a
fasting blood glucose of 495 mg/dL despite daily adminis-
tration of 90 units insulin underwent GBP. On the first day
after surgery her blood glucose fell to 281 mg/dL and her
insulin requirement was only 8 units. By day 6 she no longer
required insulin, and she subsequently remained euglycemic
without insulin or other hypoglycemic agents on a regular
diet for the following years.

Role of Decreased Food Intake

If decreased food intake explains how the GBP and BPD
procedures control diabetes, gastroplasties should be effec-
tive too, since these operations significantly lower food
intake by reduction of gastric volume. Gastroplasties do
indeed improve glucose metabolism,30,31 but there is no
evidence for long-term cure of diabetes in morbidly obese
patients. Furthermore, vertical banded gastroplasty results
in less reduction of hyperglycaemia and hyperinsulinemia
than GBP does.32 Also, patients undergoing BPD show only
temporary food intake limitation; over time, their eating
capacity is fully restored or even increased,15 while blood
glucose levels remain under control.

Other Possible Mechanisms
Responsible for Diabetes Control

To understand what the mechanism of diabetes control
might be, we should look at the anatomical and physiologic
alterations that these surgeries cause. GBP and BPD differ
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in terms of the volume of the gastric remnant and the length
of bowel exposed to the mixture of food and biliopancreatic
juices. However, these procedures have in common the
exclusion of duodenum and at least part of the jejunum from
the transit of food. This bypass has two obvious conse-
quences: undigested or incompletely digested food is pre-
sented early to the ileum, and the duodenum and jejunum
are excluded from the enteroinsular axis. Both mechanisms
suggest that the effect of GBP and BPD on diabetes is
mediated by a change in the pattern of secretion of gastro-
intestinal hormones.

Pories et al provide one possible explanation.29 Their
hypothesis is that GBP (we would include BPD also) ex-
cludes the site responsible for the production of the hor-
mone causing type 2 diabetes. In their model, the hyperin-
sulinemia in type 2 diabetes is the result of an abnormal
incretin signal from the gut, while the insulin resistance is a
secondary protective phenomenon.

Other explanations are possible. For example, a hormone
overproduced in the proximal foregut in diabetic patients
might not directly increase the production of insulin, as
suggested by Pories et al, but rather counteract the action of
insulin, thus inducing insulin resistance and only second-
arily hyperinsulinemia. For instance, in susceptible individ-
uals, chronic exaggerated stimulation of the proximal gut
with fat and carbohydrates may induce overproduction of an
unknown factor that causes impairment of incretin produc-
tion and/or action, leading to insufficient or untimely pro-
duction of insulin so that glucose intolerance develops
(Figs. 1 and 2). In our opinion, the bypass of the duodenum
and jejunum avoids this phenomenon, while the early pre-
sentation of undigested or incompletely digested food to the
ileum may anticipate the production of hormones such as
glucagon-like peptide 1 (GLP1), further improving insulin
action (Fig. 3).

EFFECT OF MORBID OBESITY
SURGERY ON GASTROINTESTINAL
HORMONES

The hypothesis that the effect of GBP and BPD on
diabetes is mediated by a change in the pattern of secretion
of gastrointestinal hormones is supported by other evidence.
GBP increases the enteroglucagon32,33 and gastroinhibitory
peptide34 response to oral glucose, increases insulin-like
growth factor 1 levels (IGF-1),35 and lowers plasma leptin
levels in diabetic and nondiabetic morbidly obese patients.25

Postprandial reduction of pancreatic polypeptide has also
been documented.33 Biliopancreatic diversion reduced lep-
tin levels before weight loss occurred36 and increased the
enteroglucagon response to glucose test.37 Decreased
plasma lipid levels have also been reported after biliopan-
creatic diversion.38 High levels of plasma glucagon-like

Figure 1. We hypothesize that the complex reaction of the endocrine
bowel to meal ingestion in normal subjects includes production of both
incretins (which stimulate insulin secretion and action) and other un-
known factors that inhibit the effects of incretins as a sort of negative
feedback mechanism.

Figure 2. We speculate that type 2 diabetes might be the result of an imbalance in the equilibrium between
anti-incretin factors and incretins, which eventually leads to delayed insulin response and impaired insulin
action (A). The anti-incretin factors are most likely overproduced in the proximal foregut of diabetics.
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peptide 1 have been reported after jejunoileal bypass,39 and
this is thought to play a role in the mechanism of diabetes
control after bariatric surgeries.40 Certainly, the lack of
knowledge about the exact pathophysiologic mechanisms
that lead to diabetes does not allow us to ascertain which of
these changes can explain the “antidiabetic” effect of GBP
and BPD.

CURRENT THEORIES ABOUT THE
PATHOGENESIS OF TYPE 2 DIABETES

The most recent theories portray type 2 diabetes mellitus
as a heterogeneous disorder. In addition to insulin resis-
tance, clinical studies in humans and animal data have
documented a variety of defects in �-cell function,41 and
most researchers agree that both insulin secretion impair-
ment and insulin resistance contribute to the fully estab-
lished disease.42 GBP and BPD restore insulin sensitivity,
but the possibility of an additional incretin-mediated effect
on insulin secretion cannot be ruled out.

Though insulin is the chief acute physiologic stimulus of
glucose disposal, other stimuli can also activate glucose
uptake and control glycemia.43 In vivo administration of
IGF1 has a potent hypoglycemic effect and has been proven
to effectively lower blood glucose concentrations in sub-
jects with type 1 or type 2 diabetes.44,45 Decreased levels of
IGF-1 have also been documented in patients with type 2
diabetes mellitus.46 Poulos at al35 demonstrated that GBP
significantly increases IGF-1 levels only in morbidly obese
patients with diabetes and not in nondiabetic subjects.

Recent data indicate that leptin may directly affect glu-
cose and fat metabolism.47 Administration of leptin to nor-
mal, genetically obese, or diabetic rodents improved sensi-
tivity to insulin and reduced hyperinsulinemia before any
changes in food intake or body weight occurred.48,49 Leptin-
induced increase in fatty acid oxidation could also improve

glucose uptake50 and influence insulin sensitivity indirectly
through the brain and sympathetic nervous system49,51 or by
changes in the concentration of serum fatty acids and glu-
cose flux in the liver.51 In the light of these effects, it is of
extreme interest that leptin levels decrease rapidly after
GBP and BPD without correlation with postoperative
BMI.25,36 This observation suggests that body fat composi-
tion is not the only factor that regulates leptin levels. It
might be speculated that an unknown factor, produced in the
duodenum or jejunum in response to food stimulation, is
responsible for a sort of “leptin resistance” and compensa-
tory increased plasma levels of leptins, which is a common
finding in obese patients.47 Accordingly, when the duode-
num and jejunum are bypassed, as after GBP and BPD, the
cause of leptin resistance is abolished or greatly reduced,
leptin resistance is resolved, and plasma leptin levels de-
crease. The effect of GBP and BPD on leptin may therefore
in part explain their efficacy in treatment of both obesity and
diabetes.

SURGERY AS A CURE FOR TYPE 2
DIABETES?

The evidence of this extraordinary control of diabetes by
obesity surgery stimulates another intriguing question: since
GBP and BPD seem to achieve control of diabetes as a
primary, specific, and independent effect rather than sec-
ondary to the treatment of overweight, would these opera-
tions also be effective in moderately obese or in nonobese
diabetics?

In 1997, Mingrone et al52 reported a case of a young
diabetic woman of normal weight who underwent BPD for
chylomicronemia and whose plasma insulin and blood glu-
cose levels were normalized within 3 months, even though
she gained weight due to an unrestricted diet rich in sugar
and lipids. Noya et al53 reported remission of type 2 diabe-
tes in 9 of 10 moderately obese (mean BMI 33.2) diabetic
patients undergoing BPD.

Although some suggested that the etiology of type 2
diabetes mellitus might be different in obese patients be-
cause of the greater insulin resistance with respect to non-
obese diabetic patients,54 this finding was not confirmed by
most studies.55,56 It has been reported that the degree of
insulin resistance is correlated with the degree of obesity
only up to a BMI of about 30, after which there is little
further change.57 These observations suggest that GBP and
BPD might achieve control of plasma glucose levels and
insulin abnormalities at least in moderately obese patients
(BMI � 30). Since more than 60% of patients with type 2
diabetes have a BMI above 28,58 the potential is huge.

If morbid obesity surgery could become a specific treat-
ment for type 2 diabetes, which operation should be per-
formed? We believe that because of its low complication
rate and lack of important late metabolic sequelae, GBP is
more suitable than BPD for nonmorbidly obese diabetic

Figure 3. Hypothesis as to the mechanism responsible for the control
of diabetes after gastric bypass.
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patients. The fact that GPB is performed laparoscopically
more often and in more centers is an additional advantage.

SUMMARY AND CONCLUSIONS

GBP and BPD seem to be an effective form of therapy for
type 2 diabetes, at least in morbidly obese patients. Signif-
icant changes in gastrointestinal hormones have been doc-
umented, but no clear explanation has been given yet about
the mechanism of action of this surgery. The bypass of the
duodenum and proximal jejunum, a common feature of both
GBP and BPD, may contrasts a hormonal or neural signal-
ing originating from the gut in response to the passage of
food and responsible for the impaired action and/or secre-
tion of insulin that characterizes type 2 diabetes. Case
reports and observations on the timing of the restoration of
glucose metabolism after surgery suggest that the control of
diabetes occurs as a primary, specific, and independent
effect of this surgery, not secondary to the treatment of
overweight.

Controlled trials in centers with a wide experience of
GBP surgery are needed to verify the possibility of a sur-
gical cure specific for type 2 diabetes; however, surgeries
for obesity seem to have a potential for changing the current
concepts of the pathophysiology of type 2 diabetes and,
possibly, the management of this disease.
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